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COMPLETE SPECinCATION 
Well Completion Apparatus 



I> George Aaron Butler, of 300 Gulf 
Building, Houston 2> State of Texas, United 
States of America, a citizen of the United 
States of America, do hereby declare the 
invention for which I pray that a patent may 
be granted to me, and the me±od by which it 
is to be performed, to be particularly des- 
cribed in and by the following statement: — 

This invention pertains to apparatus for 
supporting verdcal conduits, and more par- 
ticularly to apparatus used in coimecdon with 
wells for supporting a casing or other pipe in 
the well, the point of support being near, and 
usually above, the level the ground. 

It is a principal object of die present inven- 
tion to provide apparatus for suspending or 
hanging vertical conduits, the said apparatus 
having short vertical length. 

Another object of the invention is to pro- 
vide such pipe hanging apparatus which is safe 
and reliable. 

Another object of the invention is to provide 
such s^paratus which, in addition to ade- 
quately supporting the pipe, also provides an 
^ective flmd seal around the pipe. 

Another objea of the invention is to provide 
apparatus for supporting a pipe in a wdl» 
especially a well casing. 

A further object of the invention is to pro- 
vide casing supporting means including pack- 
off means around die casing to seal the annu- 
lus, wherein the axial compression of the pack- 
off means is controlled. 

Other objects and advantages of the inven- 
tion will appear from the following description 
of a preferred embodiment therectf, reference 
being made to the aocQmpanying drawings, of 
which: 

Figure 1 is a vertical half-section showing 
the preferred embodiment ci the casing hanger 
and casing head, a portion of a surmounting 
well head being shown; 

Figure 2 is an enlarged partial vertical sec- 
tion of the casing hanger and casing head 
of Figure 1, showing the hanger in the unset 
position; 
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Figure 3 is the same as Figure 2, showing the 
hanger in the set position; and. 

Figure 4 is an enlarged partial horizcmtal 
section, taken at line 4—4 dt Figure 3. 

Referring now in detail to the drawings, a 
casing head 10 more or less oonventLonal 
design has a vertical axial opening 11 erf gener- 
ally cylindrical form around the sides (rf which 
are formed three axially spaced dovraivrardly 
converging annular conical surface 12 — 14, 
all of which are conical but of differing tapers 
or slopes. The upper surface 12 is disposed at 
the lower end of tibe enlarged upper end 15 of 
opening 11, and is not usually used as a seat 
The center surface 13 is steeply inclined 
downwardly and of greater axial length than 
surfaces 12 and 14, and serves as ±e suppwt- 
ing seat for the pipe or casing 17 arui the 
hanger elements to be describ^. The lower" 
surface 14 is provided to reduce the diameter 
of opening 11 at the upper end erf the lower 
socket formation 18 of the casing head. 

Casing head 10 has a circular upper flange 
20 for bolted connection of die casing to 
surmounting equipment. A circular groove 21 
aroimd opening II in the upper flange face 
receives a steel ring gasket 22 for providing a 
fluid-tight seal at the connection. A side or 
lateral thread passage 25 permits communica- 
tion between die interior of casing head 10 
around casing 17 and within smface casing 30, 
and the exterior of the completion, the outer 
wall of passage 25 being thickened as at 31. 

The lower threaded socket 18 of casing head 
10 threadingly receives the upper exteriorly 
threaded end 34 of casing 30, casing head 10 
and die surmounting equipment being sup- 
ported thereby above the well. Casing 17 is 
concentrically disposed within sixtface casing 
30, and runs therethrough into the well. The 
upper end of casing 17 extends above casing 
head 10 to be sealed into the surmounting 
equipment, which is generally referred to by 
reference numeral 37. 

^ A dicular hanger 40 has a mcxe or les^ ver- 
tical outer wall 41 and a horizontal flange 42 



50 



55 



60 



fiS 



70 



75 



90 



2 



824,813 



projecting inwardly from the upper end wall 

41. Wall 41 provides outwardly and down- 
wardly facing conical seat surface 43 of down- 
wardly converging taper of die same slope as 

3 seat surface 13, vertical outwardly fadng sur- 
face 44 below surface 43, and lower outwardly 
and downwardly facing conical suif ace 45 of a 
downwardly converging taper of about the 
same slope as surface 14 of the casing head. 

10 Inwardly, wall 41 presents a uniform coni- 
cally tapered downwardly converging surface 
or slip seat 47 of about the same ^ope as sur- 
faces 13 and 43. 
Horizontal flange 42 of hanger 40 is tapped 

15 inwardly cf wall 41 to threadingly receive a 
plurality of circularly arranged vertical screws 
48 for holding down and/or compressing 
sealing or pack-off elements 50, 51, 52. Ele- 
ment 50 is a steel packing support ring fiushly 

20 seated upon flange 42 when the hanger is unset 
as in Figure 2 and spaced above flange 42 
when the hanger is set as in Figure 3. Ring 50 
has outer downwardly convergmg conical sur- 
face 55 which seats upon an upper portion cf 

25 seat 13 whereby the ring is axMy supported. 
A small annular clearance 56 is provided 
between the ring 50 and casing 17. Element 
51 is a packing ring of elastomeric resilient 
material and has upper flange formations 57, 

30 58 and lower flange formations 59, 60 which 
fit into conespondmg outer and inner recesses 
of elements 50, 52. Ring 51, when axiaUy 
compressed between elements 50, 52, seals the 
annular space between casing head 10 and cas- 

35 ing 17 so that no fluids can flow therepast. 
Element 52 is a steel compression ring cover- 
ing the upper surface of ring 51, and provided 
widi a plurality of screwhead recesses 63 for 
the screws 48^ which extend through elements 

40 50—52 to threadingly engage the tapped open- 
ings in iiange 42. When the hanger is set, as 
shown in Figure 3, the screws 48 draw com- 
pression ring 52 downwardly to axially com- 
press ring 51 to form the descnbed s^. 

45 A plurality of identical slip members 70 are 
movably disposed against the conical surface 
47 hanger 40. Each slip forms a segment of 
a more or less continuous ring the slips 
occupying part of tiie annular space between 

50 casing 17 and surface 47, and beneath flange 

42. Each of the slips has an upper and outer 
horizontal groove 71 for receiving a steel snap 
ring 72 which eictends around the slips to hold 
them assembled. Each slip also has a threaded 

55 hole perpendicularly of its outer surfoce for 
threadingly receiving a screw 73 extending 
in\rardly through hanger 40. 

The outer and bottom surfaces 44, 45 of 
hanger 40 have a plurality of equally spaced 

60 apart recesses 75 therearound, the narrow 
webs 76 being disposed between adjacent 
recesses. Recesses 75 provide clearance for flow 
of fluids between surface casmg 30 and ports 
25, and extend downwardly from the upper 

65 edges ^ the ports 25. It is not necessary that 



the ports 25 register with a recess 75, since 
the wetes 76 are narrower than the ports and 
cannot blod: the ports. 

Each recess 75 has a smaller recessed por- 
tion 78 providing an abutting surface for the 70 
head of a screw 73. A vertical slot 79 receives 
the shank of the screw which is threaded into 
the threaded slip hole. Screws 73 are used for 
holding the slips retracted outwardly during 
assembly of the hanger, and are loosened aft:,r 75 
the hanger is in place aroimd casiog 17. 

Each slip member 70 has a horizontally 
grooved or threaded inner surface 81 for 
engaging the wall of casing 17, and a conical 
horizontally grooved or threaded outer surface 80 
82 corresponding in slope with hanger surface 
57 with which it engages. The thread forma- 
tions as surface 81 are preferably upwardly 
pointing sharp threads, while thread forma- 
tions at surface 82 are preferably downwardly 85 . 
pointing threads having a substantial smooth 
contact area with the hanger stuf ace 47. The 
slips are described and claimed in British 
Patent No. 765,635, dated March 14, 1955, 
and entitied " A pipe anchoring for well tools 90 
As disclosed in that application, in setting the 
slips, the sharp inner threads first bite into the 
casing and take the weight of the casing. The 
larger-surfaced outer threads slide downwardly 
in their bowl (in the present case, surface 47) 95 
until the force radially across the slips reaches . 
a predetermined maximum value, whereupon 
the outer threads bite into their bowl surface 
to stop further downward modon and further 
increase in said radial force. The said pre- 100 
determined radial force is less than the force 
sufficient to radially collapse or " bottleneck " 
the supported casing, so that the casing is pro- 
tected against collapse. 

The surmounting equipment referred to by 105 
reference numeral 37 comprises a tubing head 
85 into which the upper end of casing 17 is 
sealed. Tubing head 85 has a lower fl^ge,86 
which is bolted to flange 20 by a plurality of 
the bdts 87, the steel ring 22 provimng a fluid- 110 
tight seal between the two flanges. Tubing 
head axial opening 88 of varying circular 
cross section is enterged at its lower end at 89 
and further enlarged at 90. A bevel-edged cir- 
cular steel plate 91 may be urged upwardly 115 
by screwing in on a plurality of lockscrews 92 
which are disposed radially through and 
spaced apart around flange 86. The upper 
reduced part of plate 91 serves as a ^and for 
compressing elastomeric packing ring 93 whidi 120 
surrounds casing 17 in the annular space 
between casing 17 and the wall of opening 89. 
A support ring 94 bears against the shoulder at 
the upper end of opening 89 and extends over 
the end of casing 17, and the reduced lower end 125 
thereof supports packing ring 93 when the 
packing ring is axially compressed. When 
plate 91 is urged upwardly by lockscrews 92, 
the upijer part thereof compresses packing ring 
93 against ring 94 to form a fluid-dght seal 130 
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around the upper end of casing 17 in die 
annular space. Tubing head 85 has side oudet 
96 to provide access to opening 88 thereof. 
The hanger 40 and packing elements 50—52 

5 are preferably of the warp arotind type so that 
they can be opened up and placed around the 
casing .17. Hanger 40 and elements 50—52 are 
bn*cn at one side and are hinged at the dia- 
gonally opposite side to permit opening. Wrap 

10 around hanger equipment is well known in the 
art, and no detailed description thereof is here 

required, . j. j 

When the hanger equipment is disposea 
around casing 17 and dropped into the casing 
15 head opening 11, seat 55 and ring 50 s^ts 
first on an upper portion of seat 13 and ring 
50 supports rings 51, 52 and also supports 
hanger 40 and^ps 70 by screws 48. Flange 
42 is supported flushly against the lower side of 
20 ring 50, and conical seat 43 of hanger 40 is 
supported above a lower portion of seat 13. 
Surface 45 is spaced a greater distance above 
surface 14. This unset position of the hanger 
is shown in Figure 2. 
25 When die weight of casing 17 is put onto 
the hanger to set the hanger, the threads at slip 
surfaces 81 engage and bite uniformly into the 
outer wall of cawng 17, whereby the slips are 
dragged downwardly on surface 47. When the 
30 radial force at die dips is great cnougji, the 
threads at surfaces 82 of the slips bite into sur- 
face 47 to set the slips. Meanwhile, the down- 
ward thrust of casing 17 is tranrferred dirough 
the slips to hanger 40, which is puUed axially 
35 downwardly until conical seat 43 seats on a 
lower portion of conical seat 13. Flange 42 
is now spaced below ring 50, and ring 52 has 
been pulled downwardly by screws 48 to axm- 
press packing ring 51 against ring 50 vMcb 
40 ranains in its previous position. Surface 45 is 
still spaced above surface 14, so that support 
for all of the hanger assembly and casing 17 
is provided at conical seat 13 of the casing 
head. This set condition of the equipment is 
45 shown in Figure 3 and also in Figure 1. 

It should be noted that outer vertical sur- 
face 44 of hanger 40 remains against the wall 
of opening 11 at all times because of the wedg- 
ing action of the slips. 
50 The apparatus according to the invention 
may by summary be said to include three func- 
tional parts, which are: an annular sealing or 
pack-<rfF means (rings 50, 51, 52) which seats 
on the upper portion of the casmg head seat 
55 13; an annular pipe hanger means 40 which is 
held above the lower portion (rf the casing head 
seat 13 by its connection to the pack-off means 
when not under load of a pipe (casing 17) in 
the well, and which when loaded by a pipe in 
60 the well is seated on said lower casing head seat 
portion and at the same time compresses the 
pack-off means through said connection; and, 
the connection between the pack-off means and 
the pipe hanger means provided by screws 48. 
65 The novel anan^ent of these three f unc* 



tional parts of the apparatus permits seating of 
both die pack-off means and the hanger on a 
single seat in the casing head opening. The 
advantages of the arrangement are severaL Op& 
advantage is that the seal-forming compression 70 
of the pack-off means may be adjusted before 
the apparatus is topped into the casing head 
bowl. This is done by simply adjusting die 
vertical distance that the outer conical surface 
of the unloaded hanger means is above that 75 
lower part of the conical seat of the hanger 
body when the hanger is not loaded. When the 
hanger means is subsequendy loaded the said 
distance will be equal to tbe axial comiMnession 
of die pack-off means. 80* 

Anomcr advantage is that the functional ele- 
ments may be dropped as a unit into the cas- 
ing head bowl, provKied by seat 13, there being 
no necessity for bolting the elements together 
after they are in the bowl, and there being no 85 
necessity for adjusting the connection there- 
between after the connected eleinents are 
dropped into the casing head bowL 

WHAT I CLAIM IS:— 

1. A well completion apparatus having a 90 
casing head with a vertical opening extending 
therethrough above a well, a tubing head sur- 
moimting said casing head and having sealed 
bolted flange connection therewitli and having 

a continuation c£ said opening therethrough, 95 
including an upwardly-facing conical seat 
steep taper around said opening in the casing 
head, pipe hanger means seatable on a lower 
porticm of said seat, annulus sealing means 
seated on an upper portion of said seat, said 100 
hanger means being connected to said sealing 
means, said sealing means supporting said 
hanger above its ssod seat portion through a 
connection means when said hango: means is 
not supporting the weigjit of a pipe in die well, 105 
said hanger means when supporting a pipe^ in 
the well being seated on its said seat portion 
by the wei^t of said pipe and thus moved 
downwardly, said downward movement ci said 
hanger means actii^ throu^ said connecting 110 
means to cause said sealing means to form a 
fiuid-ti^t seal between the said pipe and said 
tubing head above said hanger means. 

2. A well completi<»i apparatus as set forth 

in Claim 1, indumng first means for engaging 115 
a well pipe, said sealmg means cmnpdsing 
vertically compres^ble second means above 
said first means, said connecting means vertic- 
ally compressing said seccxid m^ms when said 
first means is supporting the well pipe and 120 
automatically seahng off die annular space 
surrounding said well pipe. 

3. A well completion apparatus as set forth 
in Claim 2, wherein said first means includes 

a plurality of wedge shaped slip means 125 
inwardly of said hanger fw engaging and sup- 
porting said well pipe, said slip means having 
inward means for supportably engaging said 
well pipe and outward means for engaging said 
hax^, 130 
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4. A well completion apparatus as set forth 
in Qaim 2) wherein said second means include 
a lower ring member in the annular space 
between the pipe and said upward facing 
5 conical seat and supported on said upper seat 
portion, an intermedkte packing ring of elasto- 
meric material above said lower ring, and an 
upper ling member above said packing ring^ 
said hanger having an upper flange means dis- 

10 posai inwardly from the slip^ngaging lower 
portion iherecf, said cc»mecting means com- 
prising a plurality of screws spaced around and 
thieadingly engaging said flange means and 
extending throi^ said second means to engage 

15 upper surfaces of said upper ring with their 
heads, whereby when said hanger moves down- 
wardly when set to support the well pipe, the 
said plurality d screv^s draw said upper ring 
downwardly to axially compress the packing 

20 ring and form a flmd-tight seal around the 
well pipe, and whereby the extent of axial com- 
pression of said packmg ring may be adjusted 
by adjusting said direaded engagements of 
said screws in said flange means. 

25 5. A well completion apparatus as set forth 
in Claim 4, wherein said hanger comprises an 
upwardly-facing conical slip seat at its lower 
end and having a downwardly-facing conical 
seat around its outer surfaces for seating upon 

30 a lower portion of said conical seat in said 
casing head, and said lower ring having a peri- 



pheral downwardly facing conical seat for seat- 
ing upon a portion of said conical seat in said 
casing head above said lower portion thereof, 
the vertical distance between said outer conical 35 
seat of said hanger body and said lower portion 
of said conical seat in said casing head being 
greater than zero when said slip members aie 
not supporting said well pipe, said vertical dis- 
tance being equal to zero when said slip mem- 40 
bers are supporting said well pipe, said lower 
ring seat being seated upon its portion of said 
conical seat in said casing head whether or not 
said slip members are supporting said well 
pipe. 45 

6. A well completion apparatus as set forth 
in Qaim 1, including means in tiie lower end 
of the opening in said tubing head for fumish- 
iog a fluid ti^t seal around the upper end of 
said well pipe extending thereinto, whereby a 50 
continuous sealed fluid passage is provided 
comprising said well pipe and said opening 
continuation in said tubing head. 

7. A well completion apparatus substantially 

as hereinbefore described with reference to and 55 
as illustrated in the accompanying drawings. 

For the Applicant, 
FRANK B. DEHN & CO., 
Chartered Patent Agents, 
Kingsway House, 
103, Kingsway, London, W.C.2. 
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